The ligated loop of the rabbit intestine was investigated as a possible experimental model for the study of Clostridium perfringens food poisoning. The method of preparation of the challenge inoculum was important in determining whether a given strain would provoke a response. When cultures were grown for 4 hr at 37 C in Skim Milk (Difco), 14 of 29 type A strains isolated from food-poisoning outbreaks consistently produced exudation of fluid and consequent dilation of the ileal segments. In contrast, 15 of the 18 strains derived from other sources failed to elicit a response. By use of different inoculum preparations, nearly all strains could be made to give at least an occasional positive loop reaction. Diarrhea was not obtained in rabbits by intraluminal injection into the normal ileum or by per os administration of the cultures. Lecithinase, purified and in concentrated culture supernatant fractions, failed to produce a response in the isolated ileal loops.
Study of the pathogenesis of human food poisoning caused by Clostridium perfringens has been hindered by the lack of a readily available laboratory animal in which the food-poisoning syndrome can be reproduced. Oral administration of cultures of C. perfringens to monkeys resulted in an occasional loose stool only, and no unusual response was observed in guinea pigs or frogs challenged intragastrically or intraduodenally (8) . Lambs 6, 1967) .
Phosphorylcholine, a product formed from lecithin by the a-toxin of C. perfringens, was suggested as the agent responsible for this food poisoning because the intestinal passage time of food in the mouse was significantly reduced (11) .
However, this observation could not be confirmed in mice or monkeys (15) , and a human volunteer had no ill effects after ingesting 500 mg of the pure compound (2) .
The ligated loop of the rabbit's small intestine has been useful in the study of bacterial diseases characterized by gastrointestinal symptoms. The loop responds to the injection of cultures (3), culture supernatant fluids (1) , and cell lysates I Published with the permission of the Director of the Wisconsin Agricultural Experiment Station, Madi- son. (4) of Vibrio cholerae, with gross dilation caused by fluid accumulation. The enteropathogenicity of Escherichia coli strains (10, 13) and of Salmonella and Shigella (12) has also been studied in this test system. This report considers the possibility of using the ligated loop of the rabbit ileum as a model for the study of C. perfringens food poisoning.
MATERIALS AND METHODS
Cultures. Of the 46 C. perfrinigens type A strains used, 29 were isolates from feces of food-poisoning cases or from incriminated foods. Both the "classical" and "food-poisoning" strains (6, 7) were represented. The remaining 17 were isolates from random sources, such as raw vegetables, beef liver, ground beef, spiced luncheon meats, and flies. One type D strain was also tested. The known association of these strains to food poisoning is given in Table 3 .
Stock cultures maintained frozen in Cooked Meat Medium (Difco) were subcultured in Fluid Thioglycollate Medium (BBL) for 16 to 20 hr at 37 C. Media for preparation of the animal challenge materials were inoculated with these "activated" cultures (1%/a by volume) and were always incubated at 37 C. Vigorously growing cultures were usually obtained after 4 hr by this procedure.
Spores were developed in a sporulation medium (5), harvested and washed three times with distilled water by centrifugation, and stored in water at 4 C. Surgical procedure. New Zealand white rabbits of both sexes, acclimatized to the laboratory for at least 1 week, were 7 to 10 weeks old and weighed 1.4 to 2.2 kg at the time of testing. The animals were main-RABBIT ILEAL LOOP RESPONSE TO C. PERFRINGENS tained on the same pelleted food used by the animal supplier. Water was supplied ad libitum at all times, but the rabbits were fasted at least 24 hr and usually 48 hr immediately prior to testing.
The operative procedure was essentially that used by others (9) . The animal was anesthetized with ether; the ileum was externalized and ligated approximately 90 cm anterior to the mesoappendix. Intestinal contents were washed down with 10 ml of physiological saline injected just below the tie, and the site of injection was isolated by a second ligature 5 cm below the first. Segments of 10 cm were tied off caudally from this ligature. Saline packs were employed to keep the exposed intestine moist during the operative procedure.
Intraluminal injections of 2 ml were made into four alternate loops so that a blank loop separated the test segments. A control loop injected with sterile culture medium was included in each rabbit After returning the intestine into the abdominal cavity, the incisions were closed. After holding for 20 to 24 hr with only water available, the rabbit was sacrificed by the intravenous injection of Diabutal (Diamond Laboratories, Des Moines, Iowa).
Postmortem examination. The animal was opened immediately. Each ligated loop was slit lengthwise for examination of the contents. In later experiments, the length and fluid volume of the loops were measured to calculate the loop volume (ml)/length (cm) ratio, which was used to compensate for the unavoidable variability in the lengths of the loops (1). The control and uninjected (blank) loops of an occasional rabbit were all filled with fluid; the results in these rabbits were considered invalid.
C. perfringens was enumerated by transferring the slit intestinal segment and its content to a test tube and adjusting the fluid volume to 7 ml with physiological saline. No saline was added when the loop had more than this amount of fluid. After mixing thoroughly for 1.5 min with a Vortex mixer (Scientific Industries, Inc., New York, N.Y.), the contents of the tubes were divided. One portion was heated at 75 C for 20 min to kill the vegetative cells and simultaneously heat-activate the spores. Dilutions of the unheated and heated replicates were prepared in 0.1% peptone-water and plated in sulfite-polymyxin-sulfadiazine-agar (BBL), a selective medium for C. perfringens, to obtain total cell and spore counts, respectively. Incubation was at 37 C for 48 hr under a 90%0 N2 and 10% CO2 mixture.
Selected intestinal loops were preserved in 4% neutral buffered formaldehyde for histological examination. Paraffin sections were stained with hematoxylin and eosin.
RESULTS
Gross appearance of positive loops. Most of the exploratory work was done with two strains: NCTC 8238, a Hobbs' type 2 "food-poisoning" strain, and ATCC 3624, a "classical" type A having no known association with food poisoning. The strains were grown at 37 C for 4 hr in Veal Broth (15) . ATCC 3624never produced a reaction in the ileal loops, but the other strain gave variable results in different animals.
A positive loop response consisted of gross swelling of the loop due to the accumulation of 8 to 44 ml of light brown to bloody fluid of pH 7.6 to 7.9. Gas was present in many of the positive loops and in some of those not considered positive; the volume was much less in the latter. The distinction between a positive and negative response was based on the presence of fluid; merely observing the intact loop was misleading, for gas alone could result in slight dilation of a negative loop. Figure 1 shows the gross appearance of ligated loops with different responses.
Effect of culture medium on loop responses. Strains of E. coli produced variable responses in the ligated loop when injected in peptone-water, but they consistently evoked a positive reaction when injected in milk (13) . The possibility that the response of the ligated loop to C. perfringens was influenced similarly by the culture medium was studied with eight strains.
The cultures for animal tests were grown at 37 C for 4 Correlation of number of organisms with loop response. Absence of a response was not due to failure of the organism to survive. In every instance where the ligated loop did not respond to challenge, the total cell count of C. perfringens in the loop at necropsy was much higher than the number of organisms administered in the inoculum ( Table 1 ). The count of C. perfringens in the intestinal segment injected with sterile milk was higher than in the uninjected loop of the same animal, but multiplication in the presence of milk of C. perfringens indigenous to the intestine could account for only a small fraction of the final numbers in the challenged loops.
The indication that a greater number of spores developed in the positive than in the negative loops (Table 1) was not statistically significant at the 95% confidence level.
The quantitative response of the loop (volume/ length ratio) indicated a relationship to the number of cells in the challenge dose (Table 2) ; with a given strain, lower numbers produced less reaction. This was true whether spores or vegetative inocula were used. Final total counts per loop were approximately the same, although the number of organisms in the inoculum and the volume of fluid present in the segment at necropsy differed.
Time-course of a positive response. The development of a positive loop reaction after injection of C. perfringens 4-hr milk cultures was followed in respect to time (Fig. 2) . An approximately linear increase in the loop volume/length ratio occurred through 24 hr with NCTC 8238 and 8798, but the plot of the response indices of strain 214a was erratic. However, the choice of a 20-to 24-hr holding period is supported by the data.
Loop response to food-poisoning and nonfoodpoisoning associated strains. Responses of the ligated intestinal segments to all the C. perfringens strains tested are given in Table 3 . The different methods of preparing the challenge inocula were used mainly with strains whose actively growing 4-hr milk cultures did not elicit a reaction.
The food-poisoning associated strains were most likely and the strains of other origins were least likely to produce a reaction in the ligated gut when 4-hr milk cultures were used for challenge. Several strains, not provoking a response when 4-hr milk cultures were used for injection, did so when the challenge inoculum was prepared by one of the other procedures. sterile milk. The cell suspensions were administered by stomach catheter to both 7-week-old rabbits fasted for 48 hr and 8-day-old suckling rabbits fasted overnight. Diarrhea was not induced by the procedure. Effect of lecithinase C in ileal loops. A low (NCTC 8238) and a high (ATCC 3624) lecithinase-producing strain were grown in Veal Broth; a 30-fold concentration of the supernatant fluids was obtained by successive dialysis against 50% (w/v) Carbowax 20,000 and distilled water, followed by lyophilization and resuspension in pH 7.0, 0.02 M phosphate-buffered saline. Lecithinase activity was determined on a microgram basis (14) .
Injections of 1,000 and 200 ,ug of these preparations into isolated loops produced no response. The possibility existed that a toxic substance was produced in vivo. Positive ileal loops were obtained by injection of 4-hr milk cultures of strains NCTC 8238 and NCTC 8798; the fluids collected from the segments were centrifuged and sterilized by passage through a Seitz filter. An amount of 2 ml was then injected into ileal loops of another rabbit. The loops were negative in both cases.
DIscUSSION
The accumulation of fluid in the ligated ileal loop of the rabbit after intraluminal injection of C. perfringens type A cultures was influenced markedly by the method of preparation of the challenge inoculum. The culture medium in which the strains were grown was important; of five different media tested, cultures grown in skim milk gave the most frequent positive responses. However, cells developed in other substrates and suspended in milk for animal injection were also effective in provoking a reaction ( Table 3) .
The clearest differentiation between isolates from food-poisoning outbreaks and those from other sources was obtained by use of cultures grown in Skim Milk for 4 hr at 37 C. Of the 29 strains associated with outbreaks, 14 consistently induced a positive loop response as contrasted to none among the other 18 strains (Table 3 ). Since C. perfringens food poisoning is probably caused by both the so called "food-poisoning" and "classical" type A strains (6), it is interesting that both categories of type A were among the B isolates producing a response in the isolated intestinal segments.
If the ligated ileal loop response is related to the diarrhea of C. perfringens food poisoning in humans, the majority of the type A strains are potential causative agents of this illness; 42 out of 46 of these strains produced at least one positive response when all methods of testing were considered. The type D strain, capable of causing enterotoxemia in sheep and goats, never produced a reaction in the test system. Certain type A strains seem more likely to provoke a reaction in the isolated intestinal loop; it may be that these are the ones likely to be involved in human food-poisoning outbreaks.
A better understanding of the variables involved may make the ligated ileal loop of the rabbit a useful tool for the study of food poisoning caused by C. perfringens.
